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(57) ABSTRACT

A slider 1s used for supporting a transducing head proximate
a rotating disc. The slider includes a slider body having a
disc opposing face bounded by a leading edge, a trailing
edge and first and second side edges. The slider body has a
longitudinal axis. An air bearing surface 1s defined on the
disc opposing face. A furrow 1s positioned on the disc

opposing face for flushing contaminants towards the trailing
edge of the shider body.

21 Claims, 7 Drawing Sheets
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SLIDER WITH FURROWS FOR FLUSHING
CONTAMINANTS AND LUBRICANT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority from Provisional Appli-
cation No. 60/257,132, filed Dec. 20, 2000, for “SLIDER
WITH FURROWS FOR FLUSHING CONTAMINANTS
AND LUBRICANTS” by Ram M. Rao, Scott E. Ryun,
Anthony P. Sannino, and Deborah S. Schnur.

BACKGROUND OF THE INVENTION

The present invention relates to an air bearing shider
carrying a transducing head 1n a disc drive. More
particularly, it relates to capturing contaminants on the slider
and expunging the contaminants from the slider.

A1r bearing shiders have been extensively used 1n disc
drives to appropriately position a transducing head above a
rotating disc. In most high capacity storage applications,
when the disc 1s at rest, the air bearing slider 1s 1n contact
with the disc. During operation, the disc rotates at high
speeds, which generates a wind of air immediately adjacent
the tlat surface of the disc. The wind acts upon the lower air
bearing surface of the shider and generates a lift force
directing the slider away from the disc and against a load
beam causing the slider to fly at an ultra-low fly height above
the disc. A slider 1s typically mounted on a gimbal and load
beam assembly which biases the slider toward the rotating,
disc, providing a preload force opposite to the lift force
acting on the air bearing surface of the slider. In negative
pressure sliders, the wind also acts upon a portion of the air
bearing surface of the slider to generate a suction force. The
suction force counteracts the lift force by pulling the slider
back toward the surface of the disc. For the slider to maintain
the ultra-low flying height above the surface of the disc, the
lift force must be balanced with (and greater than) the
preload and suction forces.

As disc storage systems are designed for greater and
orcater storage capacities, the density of concentric data
tracks on the disc increases (that 1s, the size of data tracks
and radial spacing between data tracks decreases). One
aspect of achieving higher data storage densities 1n the disc
1s operating the air bearing slider at ultra-low flying heights.
Furthermore, the increase 1n data storage densities requires
that the air bearing gap, or head media spacing (HMS)
between the transducing head carried by the slider and the
rotating disc be reduced.

As the HMS has decreased, increased accumulation of
contaminants, such as lubricant (lube), and debris on the
slider has occurred. Lubricant 1s typically applied to the disc
to prevent corrosion. Lube displaced by evaporation or head
disc contact collects on the slider body. The collected lube
typically migrates across the surface of the shder and
accumulates 1n a location where airflow across the slider
tends to produce a stagnation point. Lube accumulation on
the shider results 1n flyability and stiction problems. Lube
accumulation on the slider induces loss of fly height result-
ing 1n intermittent contact between the slider and the disc
until finally a crash occurs between the two. Additionally,
lube accumulated on the slider and lube on the disc create a
friction between the slider and the disc, and the lube acts as
an adhesive between the two. When the disc begins
spinning, the motor does not have enough torque to over-
come the stiction force between the disc and the slider,
thereby resulting 1n poor takeoif performance or the iability
of the shider to takeofl from the disc.
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Particle contamination on the slider results in loss of data
or a skip write (or head bounce). Fly height of the slider is
typically less than 0.5 microns, however particle size can be
orcater than 0.5 microns. During particle contamination,
particles accumulate on the shider and either embed 1n the
disc surface or create a bump on the disc surface. A particle
embedded in the disc surface causes data to be lost or results
in a skip write. A particle forming a bump on the disc results
in a head bounce or the particle will become further embed-
ded 1n the disc. During a head bounce, the slider contacts the
bump, bounces upward and stops modulating, thereby pre-
venting the slider from reading or writing to or from the disc.

In the past attempts at contaminant mitigation have been
restricted to a center pad adjacent a trailing edge of the
slider. Furthermore, typically these attempts displace the
subambient pressure regions on the slider and increase
sensitivity to manufacturing variations. Some other means
include using a second head to clean the disc. However, a
second head adds manufacturing costs to the disc drive.
There 1s a need 1n the art for a slider with features that
capture contaminants and expel them from the slider without
displacing subambient pressure regions, with the ability to
capture and flush contaminants from many regions of the
slider and not increase the cost of manufacturing.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a slider for supporting a
transducing head proximate a rotating disc. The slhider
includes a slider body having a disc opposing face bounded
by a leading edge, a trailing edge and first and second side
edges. The slider body has a longitudinal axis. An air bearing
surface 1s defined on the disc opposing face. A furrow 1s
positioned on the disc opposing face for flushing contami-
nants towards the trailing edge of the slider body.

In one preferred embodiment of the invention, a first side
arm and a second side arm are recessed from the disc
opposing face and extend from the furrow. The side arms
flush contaminants 1nto the furrow and thereby towards the
trailing edge of the slider body.

In another preferred embodiment of the invention, first
and second side rails are positioned substantially along the
first and second side edges of the shider body. A first side
furrow 1s disposed 1n the first side rail and a second side
furrow 1s disposed 1n the second side rail. The side furrows
flush contaminants from the disc opposing face of the slider

body.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top perspective view of a disc drive
actuation system for positioning a slider over tracks of a
disc.

FIG. 2 shows an exploded perspective view of the distal
portion of the disc drive actuation system of FIG. 1.

FIG. 3 shows a bottom perspective view of a first embodi-
ment of a slider.

FIG. 4 shows a bottom view of the first embodiment of the
slider shown 1n FIG. 3.

FIG. 5A shows a sectional view of the first embodiment
of the slider taken along line A—A of FIG. 4.

FIG. 5B shows a sectional view of the first embodiment
of the slider taken along line B—B of FIG. 4.

FIG. 6 shows a bottom view of a second embodiment of
the slider of the present mnvention.

FIG. 7 shows a third embodiment of the slider of the
present 1nvention.
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DETAILED DESCRIPTION

FIG. 1 shows a top perspective view of a disc drive
actuation system 10 for positioning a transducing head
(shown 1n FIG. 2) over a track of a disc as known 1n the prior
art. The actuation system 10 includes a voice coil motor
(VCM) 12, an actuator arm 14, a suspension 16, a flexure 18,
and a slider 20. Slider 20 1s connected to the distal end of the
suspension 16 by the flexure 18. Suspension 16 1s connected
to actuator arm 14 at a head mounting block 22, while
actuator arm 14 1s coupled to VCM 12. As shown on the
right side of FIG. 1, the disc drive assembly includes a disc
24, having a multiplicity of tracks 26, which rotates about an
ax1s 28. During operation of the disc drive assembly, rotation
of disc 24 generates air movement which 1s encountered by
slider 20. This air movement acts to keep shider 20 aloft a
small distance above the surface of disc 24 allowing the
slider to fly above the surface of disc 24. VCM 12 1is
selectively operated to move actuator arm 14 around an axis
30 thereby moving suspension 16 and positioning the trans-
ducing head (not shown) carried by slider 20 between tracks
26 of disc 24. Proper positioning of the transducing head 1s

necessary for reading and writing data on the concentric
tracks 26 of disc 24.

FIG. 2 1s an exploded perspective view of the distal
portion of a disc drive actuation system 10 (shown in FIG.
1) as known in the prior art. Shown in FIG. 2, from top to
bottom 1s suspension 16, flexure 18, and slider 20 carrying,
a transducing head 32. Flexure 18 1s attached to suspension
16 and slider 20 attaches to a bottom surface of flexure 18.
Transducing head 32 1s carried by shider 20. Flexure 18
provides a spring connection between slider 20 and suspen-
sion 16. Air bearing slider 20 includes a disc opposing face
(not shown) and a flexure opposing face 34. Flexure oppos-
ing face 34 1s attached to the bottom surface of flexure 18.
Flexure 18 1s configured such that 1t allows slider 20 to move
in pitch and roll directions. Many different types of flexures
18, also known as gimbals, are known to provide the spring
connection allowing for pitch and roll movement of slider 20
and can be used with the present invention. Transducing
head 32 1s carried by slider 20 to write and read data to and
from disc 24. In operation suspension 16 and flexure 18
carrying slider 20 are moved together as coarse positioning

is performed by VCM 12 (FIG. 1) to move actuator arm 14
(FIG. 1).

FIG. 3 1s a bottom perspective view of a first embodiment
of shider 20 which prevents contaminants and debris from
accumulating on disc opposing face 36 of the slider. Slider
20 (“the slider body™) has a disc opposing face 36 bounded
by a leading edge 38, a trailing edge 40, a first side edge 42,
and a second side edge 44. Leading edge 38 and trailing edge
40 are substantially parallel to each other, and two side edges
42 and 44 are substantially parallel to each other. Other
configurations are possible for the slider body, including

trapezoidal shapes. During operation, disc opposing face 36
is directed toward disc 24 (FIG. 1).

The contour of disc opposing face 36 of air bearing shider
20 has a significant affect on the flying characteristics of air
bearing slider 20, and various contours have been proposed

and used for air bearing sliders. Examples of two of these are
included 1n U.S. Pat. No. 5,062,017 by Strong et al. and U.S.

Pat. No. 5,343,343 by Chapin both of which are assigned to
Scagate Technology, Inc. and are hereby incorporated by
reference. The slider must maintain adequate roll pitch and
normal stiffness over the predetermined concentric data
track, corresponding to a range of operating speeds, and over
a predetermined range of skew angles. The slider must also
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maintain an ultra-low fly height over disc 24 while the disc
drive 1s 1n operation.

To accommodate disc storage systems designed for
oreater storage capacity, the density of concentric data tracks
on the disc increases (that 1s the size of the data track and the
radial spacing between the data tracks decreases). One result
of achieving higher data storage densities in the disc is the
need to operate the air bearing slider at an ultra-low {ily
height over the disc. The increase 1n data storage density
requires that the head media spacing (HMS), the air bearing
gap, between the transducing head carried by the slider and
the rotating disc be reduced.

Disc opposing face 36 of slider 20 defines an air bearing,
surface 46. Air bearing surface 46 1s the reference level for
slider 20. A cross rail 48 1s positioned behind leading edge
38 and extends from first side edge 42 to second side edge
44. Cross rail 48 typically has a height equal to air bearing
surface 46, however, a front portion 50 of cross rail 48 1is
recessed from air bearing surface 46.

A first side rail 52 1s positioned adjacent first side edge 42
and a second side rail 54 1s positioned adjacent second side
cdge 44. Side rails 52 and 54 extend from cross rail 48
towards trailing edge 40. First side rail 52 and second side
rail 54 are disposed substantially parallel to each other. Side
rails 52 and 54 are preferably recessed from air bearing
surface 46 at a step depth 56. The step depth 1s preferably
about 0.1 microns to about 0.3 microns. Other embodiments
of shider 20 may have side walls at a height equal to air
bearing surface 44.

A cavity 38 1s positioned on disc opposing face 36. Cavity
58 1s recessed from air bearing surface 46 at a cavity depth
(shown in FIGS. 5A and 5B). The cavity depth is preferably
between about 1.5 microns to about 3.0 microns. First side
rail 52 has an 1nner face 62 facing cavity 58 and second side
rail 54 has an inner face 64 facing cavity 58. Cavity 38 is

bounded by cross rail 48, inner face 62 of first side rail 52,
and 1nner face 64 of second side rail 54.

A center pad 66, a first side pad 68 and a second side pad
70 are positioned proximate to trailing edge 40. Each pad 66,
68 and 70 has a height equal to air bearing surface 46. Center
pad 66 1s located substantially along the longitudinal axis of
slider 20. Transducing head 32 1s located on center pad 66.
A pole tip 72 of transducing head 32 1s located on air bearing
surface 46 approximately where the longitudinal axis of
slider 20 intersects trailing edge 40. First side pad 68 1is
located approximately at the intersection between trailing
cdge 40 and first side edge 42. Preferably, first side pad 68
1s connected to first side rail 52. Second side pad 70 1is
located approximately at the intersection of trailing edge 40
and second side edge 44. Preferably, second side pad 70 1s
connected to second side rail 64.

A center trench 74, at step depth 56, 1s positioned within
center pad 66. Center trench 74 has a back wall 76 formed
by center pad 66, and an inlet 78. Inlet 78 lies closer to
leading edge 38 than back wall 76, and inlet 78 1s substan-
tially parallel to leading edge 38. An outer perimeter 80, at
step depth 56, surrounds center pad 66 and intersects with
center trench 74 at inlet 78.

A first side trench 82, at step depth 56, extends into first
side pad 68. First side trench 82 has a back wall 84 formed
by first side pad 68, and an inlet 86. A second side trench 88,
at step depth 56, extends mnto second side pad 70. Second
side trench 88 has a back wall 90 formed by second side pad
70, and an 1nlet 92. Inlets 86 and 92 lie closer to leading edge
38 then back walls 84 and 90. Inlets 86 and 92 are disposed

substantially parallel to leading edge 38. Although the first
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embodiment of slider 20 1s shown having side pads and
trenches, additional embodiments of shider 20 may include
fewer or more trenches, or even no side pads.

A furrow 94 is positioned within cavity 38 of slider 20.
Furrow 94 1s recessed from cavity 38 at a furrow depth
(shown in FIGS. SA and 5B). The furrow depth is between
about 0.5 microns to about 1.0 microns. Furrow 94 has a
width of at least 20 microns. The length of furrow 94 varies
by embodiment depending on how much surface area of disc
opposing face 36 1s desired to be captured. Furrow 94 has a
first section 98, and a second section 100 substantially
parallel to first section 98. A center section 102 connects first
section 98 and second section 100. An end 104 (shown in
FIG. 4) of first section 98 and an end 106 of second section
100 1ntersect trailing edge 40. Furrow 94 1s centered about
the longitudinal axis of slider 20 and substantially surrounds
center pad 66. Preferably, furrow 94 1s shaped to follow the
air streamlines of slider 20. Furrow 94 i1s shown having a
semi-clliptical shape, however, other shapes are possible as
long as the furrow does not have a blunt shape. Although
furrow 94 1s shown with respect to slider 20 of the first
embodiment, the furrow may be utilized with other configu-
rations and embodiments of sliders.

FIG. 4 shows a bottom view of slider 20. FIG. SA 1s a
cross sectional view of slider 20 taken along line A—A of
FIG. 4 and FIG. 5B 1s a cross sectional view of slider 20
taken along line B—B of FIG. 4. FIGS. 5A and 5B 1llustrate
the contours of disc opposing face 36 of the first embodi-
ment of slider 20. Slider 20 has air bearing surface 46 which
1s the tallest surface of slider 20 and provides a reference
level. Pads 66, 68 and 70, as well as cross rail 48, have a
height equal to air bearing surface 46. The trenches (74, 82
and 88), front portion 50 of cross rail 48, side rails 52 and
54, and outer perimeter 80 are recessed from air bearing
surface 46 at step depth 56. Cavity 58 1s recessed from air
bearing surface 46 at a cavity depth 60 and furrow 94 1s
recessed from cavity 58 at a furrow depth 96.

With reference to FIG. 4, 1n operation slider 20 slides over
the surface disc 24 (FIG. 1) with disc opposing face 36
facing the disc. At startup, the disc rotates about i1ts axis
which generates a wind of air immediately adjacent to the
surface of the disc. The wind of air flows 1n relation to disc
opposing face 36 of slider 20 from leading edge 38 toward
trailing edge 40. The air comes over leading edge 38 and
cross rail 48 and then redistributes itself within cavity 58.
The air traveling over cross rail 48 generates a negative
pressure within cavity 38 behind cross rail 48 and forward
of pads 66, 68 and 70. The negative pressure pulls slider 20
downward toward the disc. Suspension 16 (FIG. 1) and

flexure 18 (FIG. 1) exert a preload force upon slider 20. The
preload force pushes slider 20 downward toward the disc.

For slider 20 to fly at an ultra-low height above the surface
of the disc during operation, a force must be generated to lift
and maintain slider 20 at a height above the disc. The air
traveling through cavity 58 continues towards trailing edge
40 of slider 20. A portion of the air 1s directed, 1nto trenches
74, 82 and 88. Confining the air within trenches 74, 82 and
88 generates a lift force and increased pressurization on the
pads, thereby pushing slider 20 upward and away from the
disc. The lift force balances the negative pressure and
preload force and enables slider 20 to maintain an ultra-low
flying height above disc 24.

Flying slider 20 above the disc at an ultra-low fly height,

results 1n a decreased HMS between transducing head 32
and disc 24 (FIG. 1). As a result of the decreased HMS,
during operation of disc drive system 10, contaminants, such
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as lubricants (lube), and debris accumulate on air bearing
surface 44 of slider 20 or 1n trenches 74, 82 and 88. Lube

accumulation on disc opposing face 36 results in flyability
and stiction problems for slider 20. Lubricant 1s typically
applied to the disc to prevent corrosion. Accumulation of
lube on air bearing surface 44 or within trenches 74, 82 and
88 changes the contours of disc opposing face 36, thereby
inducing a loss of fly height and intermittent contact
between transducing head 32 and the disc, until finally shider
20 crashes. When lube accumulates on slider 20, a friction
1s created between the slider and lube on the disc. The lube
acts as an adhesive between the slider and the disc. When the
disc begins rotating, the motor does not have enough torque
to overcome the stiction force between the disc and the
slider, thereby resulting 1in poor takeofl performance of

slider 20 or the 1nability to takeofl.

Preferably, the fly height of slider 20 1s less than 0.5

microns. Particles that accumulate on disc opposing face 36
of slider 20 are usually larger than the fly height. The large
particles, or other debris, enter the air bearing gap or
accumulate on air bearing surface 44 and either embed 1nto
the disc surface or cause a bump in the disc surface. Particle
contamination results in a loss of data or a skip write,
otherwise known as a head bounce. Particles embedded into
the disc surface cause data stored on the disc to be lost or a
head bounce to occur. A particle forming a bump on the disc
results 1n a head bounce or the particle becoming embedded
further into the disc. During a head bounce, shider 20
contacts the bump, bounces upward and stops modulating,
thereby preventing slider 20 from writing or reading to or
from the disc.

The present invention slider 20 includes turrow 94. Fur-
row 94 provides a channel which captures contaminants and
expels them from disc opposing face 36. As air flows over
disc opposing face 36 of shider 20, the air travels over
leading edge 38 and cross rail 48 and redistributes itself
within cavity 58 to generate a negative pressure within
cavity 58 behind cross rail 48 and forward of pads 66, 68 and
70. The pressure within furrow 94 1s lower than the pressure
within cavity 98. Preferably, furrow 94 has a slightly lower
pressure than the neighboring area of cavity 58. Furrow 94
however, does not displace the negative pressure within
cavity 58. Furrow 94 generates a suction force to pull the
contaminants mto the furrow.

Once the contaminants are captured by furrow 94, the air
streamline flowing over disc opposing face 36 from leading
cdge 38 to trailling edge 40 flushes the contaminants from
slider 20. The contaminants are propelled through furrow 94
toward trailing edge 40 and expelled from slider 20 through
ends 104 and 106 of furrow 94. Preferably, furrow 94 is
shaped to follow the air streamline so that the air flow can
follow furrow 94 and flush the contaminants from furrow 94.
A blunt shaped furrow, or one that does not follow the air
streamline, will not flush contaminants from the furrow
because the furrow shape does not follow or turn 1n con-
junction with the air flow pattern.

Furrow depth 96 1s preferably between approximately 0.5
microns and 1.0 microns. Generally, the deeper furrow 94 1s,
the more effective it 1s 1 capturing and expelling contami-
nants from slider 20. However, a furrow depth greater than
approximately 1.0 microns displaces the negative pressure
within cavity 58 and has a detrimental effect on shider fly
height. Since contaminants are usually smaller than furrow
depth 96, a furrow depth greater than 1.0 microns 1s not
necessary.

Furrow 94 prevents the accumulation of contaminants and
debris on air bearing surface 44 or within trench 74 by
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capturing the contaminants before they reach pad 66 and
expelling them from slider 20. Furrow 94 provides a shield
around air bearing surface 44, in particular center pad 66, to
protect that areca. Furrow 94 prevents contaminants from
reaching center pad 66.

Although furrow 94 1s shown 1n the center of cavity 58
and substantially surrounding center pad 66, the furrow
location 1s not restricted to that area or size. The furrow may
be placed where appropriate on disc opposing face 36 to
provide a preferential path for contaminants to be expunged
from slider 20 and to prevent contaminants from accumu-
lating on particular air bearing surfaces of slider 20.
Furthermore, the length of the furrow may vary depending
on how much surface area of cavity 58 1s desired for
capturing contaminants. Additionally, the furrow of the
present mmvention may be used in different slider embodi-
ments to prevent the accumulation of contaminants and
debris on the air bearing surface of the slider. Preferably,
furrows prevent contaminants and debris from reaching the
center pad air bearing surface and the side rail air bearing
surface (if used in a particular embodiment).

A second embodiment of slider 20 1s shown 1n FIG. 6. The
second embodiment of slider 20 has the same basic structure
as described with respect to the first embodiment 1n FIGS.
3 and 4. FIG. 6 shows a bottom view of the second
embodiment of slider 20. The second embodiment further
includes a first side arm 108 and a second side arm 110.

First and second side arms 108 and 110 are recessed from
cavity 58 at furrow depth 96. Preferably, first and second
side arms 108 and 110 extend between first and second side

rails 52 and 54, respectively, and furrow 94. First side arm
108 has a first end 112 and a second end 114. First end 112

of first side arm 108 intersects first section 98 of furrow 94
and second end 114 intersects first side rail 52. Second side
arm 110 has a first end 116 and a second end 118. First end
116 of second side arm 110 intersects second section 100 of
furrow 94 and second end 118 of second side arm 110
intersects second side rail 54. The effectiveness of side arms
108 and 110 1s decreased 1f side arms 108 and 110 do not
extend to side rails 52 and 54, respectively, because some
area 18 left for contaminants to travel across and accumulate
on air bearing surface 44.

First side arm 108 preferably extends from furrow 94
relative to the longitudinal axis at a positive angle greater
than zero degrees and less than 90 degrees, and 1n the second
embodiment of slider 20, first side arm 108 extends from
furrow 94 at a positive angle of approximately 40 degrees.
Second side arm 110 preferably extends from furrow 94
relative to the longitudinal axis at a negative angle greater
than zero degrees and less than 90 degrees, and 1n the second
embodiment second side arm 110 extends from furrow 94 at
a negative angle of approximately 40 degrees. Although side
arms 108 and 110 are shown having a particular angle, 1t 1s
important that the angle of the side arms 1s determined based
on the airflow’s ability to flush and direct particles into
furrow 94, and thereby off slider 20.

First and second side arms 108 and 110 prevent lube and
other contaminants from accumulating in side trenches 82
and 88 and on side pads 68 and 70. Preferably, first and
second side arms 108 and 110 are used when side pads 68
and 70 are located inside of side rails 52 and 54. Other
embodiments of slider 20 without side pads 68 and 70 or
side trenches 82 and 88, first and second side arms 108 and
110 would not be required.

Side arms 108 and 110 capture contaminants passing,
across disc opposing face 36, and cavity 38, and expel them
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from slider 20. The pressure within side arms 108 and 110
1s lower than the pressure within cavity 538 and creates a
suction force to pull the contaminants 1nto side arms 108 and
110. Once the contaminants are captured by side arms 108
and 110, the air stream flowing over disc opposing face 36
from leading edge 38 to trailing edge 40 propels the con-
taminants through furrow 94 and expels them from slider 20

through ends 104 and 106 of furrow 94.

A third embodiment of slider 20 1s shown in FIG. 7. The
third embodiment of slider 20 has the same basic structure
as described with respect to the first embodiment in FIGS.
3 and 4. FIG. 7 shows a bottom perspective view of the third
embodiment of slider 20 with front portion 50. The third
embodiment of slider 20 includes disc opposing face 36,
cross rail 48, side rails 52 and 54, cavity 38, pads 66, 68 and
70, and trenches 74, 84 and 88. The third embodiment of
slider 20 further includes a first side furrow 120 and a second
side furrow 122 disposed on first and second side rails 52
and 54, respectively.

First side furrow 120 1s positioned on first side rail 52
forward of first side pad 68 and first side trench 82. Second
side furrow 122 1s positioned on second side rail 54 forward
of second side pad 70 and second side trench 88. First and
second side furrows 120 and 122 are recessed from step
depth 56 (the height of side rails 52 and 54) at a side furrow
depth. The side furrow depth 1s preferably between about 0.5
microns and 1.0 microns.

First side rail 52 has an outer edge 126 adjacent first side
cdge 42 and second side rail 54 has an outer edge 128
adjacent second side edge 44. First side furrow 120 has an
end 130 and second side furrow 122 has an end 132. End 130
of first side furrow 120 intersects outer edge 126 of first side
rail 52. First side furrow 120 preferably extends relative to
first side edge 42 of slider 20 at a negative angle greater than
zero degrees and less than 90 degrees, and in the third
embodiment, first side furrow 120 extends at a negative
angle of approximately 65 degrees. End 132 of second side
furrow 122 intersects outer edge 128 of second side rail 54.
Second side furrow 122 extends relative to second side edge
44 of shider 20 at a positive angle preferably greater than
zero degrees and less than 90 degrees, and in the third
embodiment, second side furrow 122 extends at a positive
angle of approximately 65 degrees. Although 1 FIG. 7 side
furrows 120 and 122 are shown having a particular angle, 1t
1s important that the angle of the side furrows 1s determined
such that the airflow can flush and direct particles outwards,

and thereby off slider 20.

First and second side furrows 120 and 122 prevent lube
and other contaminants from accumulating in trenches 82
and 88 and on side pads 68 and 70. Preferably first and
second side furrows 120 and 122 are used when side pads 68
and 70 are located along side rails 52 and 54. In other
embodiments of slider 20, side furrows 120 and 122 would
not be used simultaneously with side arms 108 and 110
(shown in FIG. 6), nor when there are no side pads 68 and
70 would first and second side arms 108 and 110 be required.
The determination of whether side arms 108 and 110 or side
furrows 120 and 122 are used to protect side pads 68 and 70
from contaminant accumulation depends on the location of
air bearing surface 44.

Side furrows 120 and 122 capture contaminants passing
across disc opposing face 36 and expel them from slider 20).
The pressure within side furrows 120 and 122 1s lower than
the pressure 1n the neighboring area of side rails 52 and 54.
Side furrows 120 and 122 generate a suction force and pull
the contaminants into the side furrows. Once the contami-
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nants are captured by side furrows 120 and 122, the air
streamlines flowing over disc opposing face 36 from leading
cdge 38 to trailing edge 40 flush the contaminants from
slider 20. The contaminants are propelled through side
furrows 120 and 122 toward either first side edge 42 or
second side edge 44, respectively, and expelled from slider

20 through ends 130 and 132 of side furrows 120 and 122.

In another preferred embodiment of the present invention,
first and second side furrows are positioned on the first and
second side rails, respectively. However, the first and second
side furrows extend immward towards the trailing edge and
contact the inner faces of the side rails, but do not contact the
outer edges of the side rails. The side furrows extend relative
to the longitudinal axis of the slider. Contaminants and
debris captured by the side furrows are flushed into the
cavity where they are expelled from the slider through the
cavity or the furrow recessed from the cavity.

Accumulation of contaminants, such as lubricant, and
debris on an air bearing surface of a slider, or within
trenches, results 1n poor performance by the slhider. The
detrimental effects include fatal crashes of the slider into the
disc, the 1ability of the slider to takeoff from the disc, loss
of data on the disc and the mnability of the slider to write or
read from the disc. The present invention slider prevents
contaminants from accumulating on the air bearing surface
of the slider. The present invention slider includes a furrow
located on the disc opposing face of the slider. Furrows may
be located either 1n the cavity of the slider and/or along the
side rails. The pressure within the furrow 1s lower than the
neighboring area and generates a suction force to capture
contaminants passing over the disc opposing face of the
slider. Once captured by the furrows, the contaminants are
propelled through the furrow and expunged from the slider.
Furrows have the most benelfit when located 1n the cavity of
the slider or towards the trailing edge forward of the air
bearing surface. The present invention slider, with the
furrow, 1mproves the performance of the slider without
increasing the manufacturing costs for the slhider.

Although the present invention has been described with
reference to preferred embodiments, workers skilled 1n the
art will recognize that changes may be made m form and
detail without departing from the spirit and scope of the
invention. For example, other embodiments of the slider
utilizing furrows are possible. The furrows of the present
invention may be used in other slider embodiments to
prevent the accumulation of contaminants and debris on the
air bearing surface of the slider. The furrows may be located
at any location of the slider and on any surface of the slider,
including the air bearing surface or a milled surface (i.e., at
step or cavity depth). Preferably, the furrows will prevent
contaminants and debris from accumulating on a center
pad’s air bearing surface and also on a side rail’s air bearing,
surface (if used in a particular slider embodiment).

What 1s claimed 1s:

1. A slider for supporting a transducing head proximate a
rotating disc, the slider comprising:

a slider body having a disc opposing face bounded by a
leading edge and a trailing edge, the slider body having
an air bearing surface defined on the disc opposing
face;

a cavity recessed from the air bearing surface; and

means for capturing contaminants on the slider body and
expunging the contaminants at the trailing edge of the
slider body.
2. The shider of claim 1 wherein the means for capturing
and expunging contaminants on the slider body comprises a
furrow formed 1 and recessed from the cavity.
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3. A slider for supporting a transducing head proximate a
rotating disc, the slider comprising:

a slider body having a disc opposing face bounded by a
leading edge, a trailing edge and first and second side
edges, the slider body having a longitudinal axis;

an air bearing surface defined on the disc opposing face;

a cavity recessed from the air bearing surface at a cavity

depth; and

a furrow recessed from the cavity for flushing contami-

nants towards the trailing edge of the slider body.

4. The slider of claim 3 wherein the furrow has a furrow
depth of about 0.5 microns to about 1.0 microns.

5. The slider of claim 3 wherein the cavity depth 1s about
1.5 microns to about 3.0 microns.

6. The slider of claim 3 wherein the furrow has a first end
and a second end, the first and second ends lying adjacent the
trailing edge of the slider body such that the furrow has a
semi elliptical shape.

7. The shider of claim 6 wherein the furrow is centered
about the longitudinal axis.

8. The slider of claim 3, and further comprising:

a first side arm and a second side arm extending from the
furrow, the first side arm extending relative to the
longitudinal axis at a positive angle greater than zero
degrees and less than 90 degrees and the second side
arm extending relative to the longitudinal axis at a
negative angle greater than zero degrees and less than
90 degrees.

9. The slider of claim 3, and further comprising:

first and second side rails positioned substantially along
the first and second side edges.
10. The slider of claim 9 wherein the first and second side
rails are recessed from the air bearing surface at a step depth.
11. The slider of claim 10 wherein the step depth 1s about
0.1 microns to about 0.3 microns.
12. The slider of claim 10, and further comprising:

a first side furrow disposed in the first side rail, the first
side furrow being recessed from the step depth at a side
furrow depth and the first side furrow extending rela-
tive to the first side edge at a negative angle greater than
zero degrees and less than 90 degrees; and

a second side furrow disposed 1 the second side rail, the
second side furrow being recessed from the step depth
at the side furrow depth and the second side furrow
extending relative to the second side edge at a positive
angle greater than zero degrees and less than 90
degrees.

13. The shider of claim 12 wherein the side furrow depth

1s about 0.5 microns to about 1.0 microns.

14. The slider of claim 10, and further comprising:

a first side furrow disposed in the first side rail, the first

side furrow being recessed from the step depth at a side
furrow depth and the first side furrow extending rela-
tive to the longitudinal axis at a positive angle greater
than zero degrees and less than 90 degrees; and

a second side furrow disposed 1 the second side rail, the
second side furrow being recessed from the step depth
at the side furrow depth and the second side furrow
extending relative to the longitudinal axis at a negative
angle greater than zero degrees and less than 90
degrees.

15. The slider of claim 3 wherein the furrow has a width

of at least about 20 microns.

16. A slider for supporting a transducing head proximate

a rotating disc, the slider comprising:
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a slider body having a disc opposing face bounded by a
leading edge, a trailing edge and first and second side
cdges, the slider body having a longitudinal axis;

an air bearing surface defined on the disc opposing face,
the air bearing surface having at least one pad behind
the leading edge;

a cavity recessed from the air bearing surface at a cavity
depth, at least a portion of the cavity preceding the pad;
and

a Turrow for flushing contaminants towards the trailing
edge of the slider body, the furrow formed 1n the cavity.
17. The slider of claim 16, and further comprising a first
side arm and a second side arm extending from the furrow,
the first side arm extending relative to the longitudinal axis
at a positive angle greater than zero degrees and less than 90
degrees and the second side arm extending relative to the
longitudinal axis at a negative angle greater than zero
degrees and less than 90 degrees.
18. The slider of claim 16, and further comprising first and
second side rails positioned substantially along the first and

10

15

12

second side edges wherein the first and second side rails are
recessed from the air bearing surface at a step depth.

19. The shide of claim 18, and further comprising a first
side furrow disposed 1n the first side rail and a second side
furrow disposed in the second side rail wherein the first and
second side furrows are recessed from the step depth at a
side furrow depth.

20. The slider of claim 19 wherein the first side furrow

extends relative to the first side edge at a negative angle
orecater than zero degrees and less than 90 degrees and the
second side furrow extends relative to second side edge at a
positive angle greater than zero degrees and less than 90
degrees.

21. The slider of claim 19 wherein the first side furrow
extends relative to the longitudinal axis at a positive angle
orcater than zero degrees and less than 90 degrees and the
second side furrow extends relative to the longitudinal axis
at a negative angle greater than zero degrees and less than 90
degrees.
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